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duff(a)cardiff.ac.u k 

Abstrac t 
One o f  th e centra l  problem s i n analogica l  mappin g 
i s overcomin g th e ambiguitie s whic h ca n occu r 
when matchin g u p correspondin g concept s i n tw o 
domain s o f  knowledge ;  specifically ,  t o ensur e tha t 
one-to-man y an d many-to-on e matche s ar e resolve d 
t o b e one-to-on e matches .  Variou s analog y theorie s 
hav e attempte d t o dea l  wit h thes e problem s b y 
maintainin g tha t  analogica l  matchin g i s 
constraine d i n variou s ways .  Fo r  example ,  tha t 
onl y predicate s o f  th e sam e structural-typ e ar e 
matched ,  tha t  primac y i s give n t o matche s tha t  ar e 
simila r  o r  identical ,  an d tha t  a  matc h whic h come s 
befor e a n alternativ e matc h i s  preferred .  T w o 
experiment s ar e reported ,  involvin g a n attribute -
mappin g problem ,  whic h isolat e th e effect s o f 
similarit y an d order .  Th e firs t  show s tha t  th e 
semanti c similarit y o f  predicate s i n th e tw o domain s 
has a  facilitatin g effec t  o n analogica l  mappin g 
when othe r  constraint s ar e hel d constant .  Th e 
secon d experimen t  show s tha t  analogica l  mappin g 
i s sensitiv e t o th e orde r  i n whic h matche s ar e made . 
The implication s o f  thes e result s fo r  curren t 
computationa l  model s o f  analog y ar e discussed , 
wit h a  specia l  emphasi s o n th e consequence s tha t 
orde r  effect s hav e fo r  connectionis t  models . 

Introduction 

When we draw an analogy the hard work is done by the 
proces s tha t  perform s a n analogica l  mappin g betwee n 
tw o domain s o f  knowledg e (se e e.g. ,  Burstei n 1986 ; 
Carbonel l  1986 ;  Centne r  1983 ,  1989 ;  Gic k &  Holyoa k 
1980 ,  1983 ;  Holyoa k 1985 ;  Kean e 1985 ,  1988a) . 
Ranged abou t  thi s cor e proces s ar e th e othe r  processe s o f 
analogica l  thinking ;  fo r  example ,  processe s concerne d 
wit h th e representatio n o f  th e domain s an d th e retrieva l 
of  analogue s fro m long-ter m memory .  Typically ,  whe n 
an analogica l  mappin g i s  m a d e tw o distinc t 
computation s occur ;  first ,  th e correspondin g concept s i n 
bot h domain s ar e matche d and ,  second ,  a  portio n o f  th e 
conceptua l  structur e o f  on e domai n i s  transferre d (o r 
carrie d over )  int o th e othe r  domai n t o for m th e basi s o f 
analogica l  inferences .  Fo r  example ,  i f  yo u wan t  t o 
understan d w h y electron s revolv e aroun d th e nucleu s i n 
th e atom ,  an d ar e tol d tha t  th e ato m i s lik e a  miniatur e 
sola r  syste m (se e Centne r  1983) ,  yo u woul d matc h th e 
correspondin g R E V O L V ES relation s i n bot h domain s 
and transfe r  relation s o f  A T T R A C T I O N fro m th e sola r 
syste m domai n t o appl y i n th e ato m domain . 

I n general ,  peopl e appea r  t o matc h u p th e concept s 
i n tw o domain s wit h a n effortlessnes s tha t  mask s som e 

trick y computationa l  problems .  Eve n thoug h tw o 
domain s m a y hav e a  one-to-on e correspondenc e betwee n 
thei r  parts ,  the y ca n hol d a  grea t  potentia l  fo r  ambiguou s 
matches ;  fo r  one-to-man y an d many-to-on e matche s 
betwee n thei r  parts .  Psychologically ,  thes e problem s 
onl y surfac e whe n w e mak e th e mappin g tas k difficult , 
suc h a s i n th e followin g proble m fro m Holyoa k & 
Thagar d (1989) : 

A B 
Bil l  i s  smart .  Fid o i s hungry . 
Bil l  i s  tall .  Blacki e i s friendly . 
T o m i s timid .  Blacki e i s frisky . 
T o m i s tall .  Rove r  i s hungry . 
Stev e i s smart .  Rove r  i s friendly . 

I n thi s problem ,  subject s ar e aske d t o sa y whic h 
thing s i n lis t  A  correspon d t o whic h thing s i n lis t  B 
(ignorin g th e meanin g o f  th e words) .  Essentially , 
subject s hav e t o discove r  a  one-to-on e mappin g betwee n 
al l  th e individual s an d attribute s i n lis t  A  an d lis t  B . 
Thi s i s  quit e a  difficul t  tas k a s a  lo t  o f  ambiguou s 
matche s hav e t o b e resolved .  Fo r  example ,  smar t  m a y 
matc h hungr y o r  friendl y o r  frisk y an d th e correc t  matc h 
ca n onl y b e determine d b y eliminatin g th e inconsisten t 
matche s whic h follo w fro m al l  bu t  on e o f  thes e matches . 
Th e uniqu e one-to-on e mappin g whic h solve s th e 
proble m involve s matchin g Stev e an d Fido ,  Bil l  an d 
Rover ,  T o m an d Blackie ,  smar t  an d hungry ,  tal l  an d 
friendl y an d timi d an d frisky . 

Palme r  (1989 )  ha s pointe d ou t  tha t  an y adequat e 
theor y o f  analogica l  mapping ,  whic h account s fo r 
problem s lik e th e abov e one ,  wil l  hav e t o operat e a t 
severa l  level s o f  descriptio n (fo r  simila r  idea s se e Mar r 
1982) .  A t  th e highes t  level ,  on e need s t o characteris e th e 
informationa l  constraint s implie d b y th e tas k situation ; 
thi s leve l  i s  concerne d wit h describin g wha t  a n analog y 
is ,  wha t  need s t o b e compute d t o produc e appropriat e 
output s give n certai n input s (lik e Marr' s computationa l 
level) .  Belo w thi s leve l  i s  th e leve l  o f  behavioura l 
constraint s whic h hav e t o captur e th e empirica l  fact s o f 
people' s observabl e analogica l  behaviou r  (Marr' s 
algorithmi c level) .  Hence ,  thi s leve l  shoul d includ e 
constraint s tha t  predic t  whe n on e analog y i s harde r  tha n 
anothe r  an d th e sort s o f  error s tha t  peopl e produce . 
Finally ,  ther e i s th e leve l  o f  hardwar e constraint s whic h 
aim s t o captur e th e hardwar e primitive s o f  analogica l 
though t  (Marr' s hardwar e level) . 

Curren t  theorie s o f  analog y propos e m a n y 
informationa l  constraint s bu t  les s attentio n hav e bee n 
give n t o th e behavioura l  an d hardwar e constraints .  I n 
thi s pape r  w e tes t  on e o f  th e well-established . 
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informatio n constraints ,  an d a  predictio n fro m 

behavioura l  constraint s previousl y propose d b y Kean e 
(1990a) . 

Informational Constraints on 

Analogical Mapping 

We hav e alread y seen ,  tha t  ther e ar e severa l  difficultie s 
associate d wit h achievin g optima l  analogica l  mappings . 
Thre e informationa l  constraint s hav e bee n propose d t o 
solv e thes e problem s (se e e.g. ,  Centne r  1983 ;  Holyoa k 
& Thagar d 1989 ;  Kean e 1990a) . 

The mos t  importan t  se t  o f  constraint s ar e structura l 
constraints .  Thes e constraint s ar e use d t o enforc e a  one -
to-on e mappin g betwee n th e tw o domain s (Falkenhainer , 

Forbu s &  Centne r  1986 ;  Holyoa k &  Thagar d 1989) . 
Thi s i s don e usin g severa l  techniques : 
•  matche s ar e mad e onl y betwee n entitie s o f  th e sam e 

type ;  fo r  example ,  onl y attribute s ar e matche d wit h 
attributes ,  object s wit h object s an d two-plac e 
predicate s wit h two-plac e predicates .  Thi s reduce s 
th e tota l  numbe r  o f  matche s tha t  need s t o b e 
considere d (se e Centne r  1983 ;  Holyoa k &  Thagar d 
1989) . 
exploi t  structura l  consistency ,  tha t  is ,  i f  th e 
proposition s R E V O L V E S ( A B )  an d 
R E V O L V E S (C D )  match ,  the n th e argument s o f 
bot h shoul d als o b e matche d appropriately ,  A  wit h 
C an d B  wit h D .  Thi s i s especiall y usefu l  i n 
eliminatin g many-to-on e an d one-to-man y matche s 
(se e Falkenhaine r  e t  al .  1986 ,  1989) . 
favou r  systemati c set s o f  matche s (Genlner' s 1983 , 
systematicit y  principle) ;  thi s propose s tha t  i f  on e 
has tw o alternativ e set s o f  matche s the n th e match -
set  wit h th e mos t  higher-orde r  connectivit y shoul d 
be chosen .  Thi s aid s th e choic e o f  a n optima l 
match-se t  fro m amon g man y match-sets . 

Thes e technique s hav e bee n show n t o b e ver y powerful . 
I n man y cases ,  structura l  constraint s alon e ca n find  th e 
optima l  mappin g betwee n tw o domain s (a s i n th e abov e 
attribute-mappin g case) . 

A similarit y constrain t  ca n als o b e use d t o reduc e th e 
number  o f  matche s considere d o r  t o disambiguat e 
betwee n alternativ e matches .  Whe n thi s constrain t  i s 
applie d onl y identica l  concept s ar e matche d betwee n th e 
tw o domain s (Centne r  1983 )  or ,  mor e loosely , 
semantically-simila r  concept s ar e matche d (Cic k & 
Holyoa k 1980) .  Semanti c similarit y ca n b e use d t o 
disambiguat e matche s becaus e i f  on e matc h i n a  se t  o f 
one-to-man y matche s i s mor e simila r  tha n th e other s 
the n i t  ca n b e preferred . 

A final  constrain t  o n analogica l  mappin g i s th e 
pragmati c constrain t  (e.g. ,  Holyoa k 1985 ;  Kean e 1985) . 
Again ,  thi s ma y disambiguat e a  se t  o f  matches .  Fo r 
example ,  i f  i n a  certai n analogica l  mappin g situatio n on e 
matc h i s pragmaticall y mor e importan t  (o r  goal-relevant ) 
tha n othe r  alternative s the n i t  wil l  b e preferre d ove r  thes e 
alternatives . 

Thes e informationa l  constraint s constitut e a  very , 
high-leve l  specificatio n o f  wha t  make s a  particula r 
compariso n betwee n tw o domain s a n analogica l 
comparison .  A s such ,  the y ca n and ,  indeed ,  hav e bee n 
implemente d b y man y differen t  algorithms . 

Falkenhaine r  e t  al.' s  (1986 .  1989 )  Structur e Mappin g 

Engin e (SME )  implement s structura l  an d similarit y 
constraint s i n a  seria l  fashio n tha t  generate s al l  th e 
possibl e match-set s betwee n tw o domain s an d the n 
choose s th e bes t  match-se t  accordin g t o structura l 
criteria .  Forbu s &  Oblinge r  (1990 )  hav e extende d S M E 
t o implemen t  th e pragmati c constraint .  Holyoa k & 

Thagard' s (1989 )  Analogica l  Constrain t  Mappin g Engin e 
(ACME)  use s paralle l  constrain t  satisfactio n t o eas e a 
networ k o f  possibl e matche s int o a  singl e stabl e se t  o f 
matches ,  i n accordanc e wit h th e thre e constraints .  Kean e 
& Brayshaw' s (1988 ;  Kean e 1991 )  Incrementa l  Analog y 
Machin e (lAM )  implement s th e sam e constraints ,  usin g 
a differen t  seria l  algorith m t o S M E tha t  compute s part s 
of  th e analog y incrementally . 

Behavioural Constraints on 

Analogica l  M a p p i n g 

Any mode l  whic h solel y implement s th e abov e 
informationa l  constraint s ca n mak e certai n behavioura l 
predictions .  Fo r  example ,  Skorstadt ,  Falkenhaine r  & 
Centne r  (1987 )  hav e show n tha t  S M E ca n produc e 
output s tha t  paralle l  broa d trend s i n subjects '  soundnes s 
rating s o f  differen t  comparisons .  Holyoa k &  Thagar d 
(1989 )  hav e show n tha t  th e numbe r  o f  cycle s thei r 
networ k goe s throug h befor e settlin g int o a  correc t 
mappin g bear s som e correspondenc e t o th e difficult y 
subject s find  i n analogica l  mapping .  However ,  becaus e 
thes e model s d o no t  embod y behavioura l  constraints , 
the y fai l  t o captur e significan t  facet s o f  huma n analogica l 
performance .  Whil e the y ma y predic t  th e output s o f 
analogica l  mappin g the y d o no t  predic t  response-tim e 
difference s fo r  differen t  analogie s (se e Experimen t  2) . 
They als o ten d t o b e silen t  o n th e sourc e an d natur e o f 
error s i n analogica l  performance . 

Keane (1988b ,  1990a ,  1990b )  ha s elaborate d tw o 
behavioura l  constraints ;  first,  tha t  analogisin g shoul d b e 
subjec t  t o constraint s impose d b y workin g memor y 
limitation s and ,  second ,  tha t  differentia l  backgroun d 
knowledg e abou t  th e targe t  domai n affect s th e eas e wit h 
whic h analogica l  transfer s ar e validated .  I t  shoul d b e 
note d tha t  bot h o f  thes e constraint s ar e predicte d t o affec t 
respons e time s eve n thoug h th e conten t  outpu t  fro m 
analogisin g ma y b e unchanged .  Hence ,  th e separatio n 
betwee n informationa l  an d behavioura l  constraints . 
Workin g memor y limitation s ma y als o resul t  i n error s 
(se e Kean e 1990b) . 

Keane (1990a )  ha s als o argue d tha t  workin g memor y 
limitation s hav e wide r  implication s fo r  th e natur e o f 
analogica l  processing .  I n particular ,  tha t  huma n 
analogica l  processe s wil l  reduc e th e computationa l 
overhead s i n analogising .  A s such ,  huma n analogiser s 
wil l  ten d t o onl y ma p portion s o f  th e bas e domai n (se e 
Keane 1985 )  o r  wil l  choos e on e optima l  mapping .  Thi s 
i s th e theoretica l  rational e fo r  th e Incrementa l  Analog y 
Machine .  Rathe r  tha n generatin g al l  possibl e mappings , 
l A M trie s t o buil d jus t  on e mappin g resolvin g 
ambiguitie s i n a  loca l  fashion .  I t  ma y eve n us e fairi y 
arbitrar y mean s t o resolv e a n ambiguity .  Fo r  example , 
i f  a  one-to-man y se t  o f  matche s i s encountere d an d ther e 
ar e n o ground s fo r  selectin g on e matc h ove r  th e others , 
l A M wil l  simpl y choos e th e firs t  matc h i n th e set . 
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Clearly ,  ther e wil l  b e occasion s whe n lA M wil l  commi t 
itsel f  1 0 on e mappin g onl y t o find  tha t  i t  i s  non-optimal . 

When thi s happen s i t  wil l  und o thi s mappin g an d star t 
constructin g a n alternativ e mapping .  So ,  whil e lA M 
trie s t o avoi d constructin g al l  possibl e mapping s i t  ma y 
backtrac k repeatedl y t o construc t  severa l  alternativ e 
mappings . 

As w e shal l  se e i n Experimen t  2 ,  lA M predict s tha t 
th e orde r  i n whic h th e attribute s ar e presente d i n version s 
of  th e attribute-mappin g proble m wil l  differentiall y  affec t 
subjects '  respons e times .  Thi s predictio n i s t o b e 
contraste d wit h th e output s o f  th e S M E an d A C ME 
models .  Bot h o f  thes e model s d o no t  predic t  suc h orde r 
effects . 

The Effects of Similarity and 

Orde r  o n Analogica l  Mappin g 

Many experiment s hav e show n tha t  varyin g th e 
similarit y o f  tw o analogue s affect s th e eas e o f  analogica l 
mappin g (e.g. ,  Kean e 1985 ;  Centne r  &  Lander s 1985 ; 
Gic k &  Holyoa k 1980 ;  Holyoa k &  Ko h 1987) .  I t 
shoul d als o b e possibl e t o sho w thi s i n a  ver y precis e 
fashio n i n th e abov e attribute-mappin g problem . 

I n Experimen t  1 ,  w e systematicall y var y th e numbe r 
of  predicate s tha t  ar e simila r  whil e controllin g th e othe r 
constraints .  Fo r  instance ,  a  modifie d versio n o f  th e 
proble m wit h simila r  attribute s shoul d b e muc h easier : 

Bil l  i s  intelligent . 
Bil l  i s  tall . 
Tom i s timid . 
Tom i s tall . 
Stev e i s intelligent . 

B 
Fid o i s clever . 
Blacki e i s big . 
Blacki e i s shy . 
Rover  i s clever . 
Rover  i s big . 

I n Experimen t  2 ,  w e examin e th e predictio n o f  lA M 
tha t  orderin g effect s shoul d b e observe d unde r  som e 
condition s i n thi s attribute-mappin g problem .  Holyoa k 
& Thagar d (1989 )  ha d randomise d th e orde r  o f 
presentatio n o f  th e attribute s i n bot h list s thu s 
abolishin g an y orde r  effects .  T o appreciat e ho w thes e 
effect s migh t  aris e conside r  wha t  make s th e proble m s o 
difficult . 

I n th e abstrac t  versio n o f  th e attribute-mappin g 
problem ,  eac h lis t  ha s tw o individual s (e.g. ,  Bil l  an d 
Tom)  wit h tw o attribute s an d a  remainin g individua l 
(i.e. ,  Steve )  wh o ha s jus t  on e attribute .  Thi s i s ver y 
importan t  becaus e matchin g u p th e singl e individual s i n 
bot h list s (i.e. ,  Stev e an d Fido )  i s th e ke y t o achievin g 
th e isomorphi c mapping .  Th e presenc e o f  thes e singl e 
individual s wit h on e attribut e (whic h w e wil l  cal l 
singletons )  disambiguate s th e se t  o f  matche s betwee n th e 
tw o list s (thi s als o applie s t o th e singl e attribut e i n bot h 
lists) .  W e expect ,  o n th e basi s o f  simulation s usin g 
lAM ,  tha t  orde r  ha s a n effec t  o n matchin g an d tha t 
peopl e matc h item s incrementall y startin g wit h th e first 
ite m i n lis t  A .  Hence ,  th e proble m shoul d b e easie r 
when th e singleton s ar e place d a t  th e beginnin g o f  th e 
lis t  wher e the y ca n b e matche d first . 

Experiment 1: Similarity Effects 

To tes t  th e predictio n tha t  semanti c similarit y ca n 
facilitat e analogica l  mappin g thre e group s receive d thre e 

differen t  version s o f  th e attribute-mappin g proble m 
whic h ha d eithe r  n o simila r  attributes ,  on e se t  o f  simila r 

attribute s o r  thre e set s o f  simila r  attributes .  W e predicte d 
tha t  subject s woul d produc e th e correc t  one-to-on e 
mappin g mor e rapidl y a s a  functio n o f  th e increasin g 
similarit y betwee n th e tw o domains . 

Method 

Subjects & Design. Twenty-four undergraduates at 
th e Universit y o f  Wale s Colleg e o f  Cardif f  too k par t 
voluntaril y  i n th e experiment .  Th e experimen t  use d a 
between-subjec t  desig n an d subject s wer e assigne d 
randoml y t o on e o f  th e thre e conditions .  Thre e subject s 
wer e droppe d fro m th e experimen t  befor e dat a analysi s 
becaus e the y misunderstoo d th e experimenta l 
instructions .  Dat a analysi s wa s carrie d ou t  o n th e 
remainin g 2 1 subjects ,  wh o wer e equall y distribute d 
acros s th e thre e conditions . 

Materials. We used three versions of the attribute-
mappin g proble m (se e Tabl e 1) .  Eac h versio n ha d tw o 
list s o f  attributes .  I n eac h list ,  ther e wer e thre e individual s 
and thre e attributes ;  tw o individual s ha d tw o attribute s an d 
one individua l  ha d a  singl e attribute .  Th e thre e version s 
differe d i n term s o f  th e numbe r  o f  attribute s tha t  wer e 
simila r  i n bot h lists .  I n th e None-Simila r  versio n non e o f 
th e attribute s wer e semanticall y similar ;  i n th e One-Simila r 
versio n on e se t  o f  th e attribute s wa s semanticall y simila r 
("intelligent "  i n lis t  A  an d "clever "  i n lis t  B) ;  i n th e All -
Simila r  version ,  al l  th e attribute s i n on e lis t  ha d a 
semantically-simila r  paralle l  attribut e i n th e secon d lis t  (se e 
Tabl e 1) . 

Bil l  i s  intelligent . 
Bil l  i s  tall . 
To m i s timid . 
To m i s tall . 
Stev e i s intelligent . 

B (One-Similar) 
Fid o i s clever . 
Blacki e i s friendly . 
Blacki e i s frisky . 
Rover  i s clever . 
Rover  i s friendly . 

B (None-Similar ) 
Fid o i s hungry . 
Blacki e i s friendly . 
Blacki e i s frisky . 
Rover  i s hungry . 
Rover  i s friendly . 

B (All-Similar) 
Fid o i s clever . 
Blacki e i s big . 
Blacki e i s shy . 
Rover  i s clever . 
Rover  i s big . 

Tabl e 1  Th e Differen t  Problem s Use d i n th e 
Thre e Condition s o f  Experimen t  1  (Onl y B 
differe d i n each ) 

Subjects were instructed in writing that their "task is 
t o figur e ou t  wha t  i n th e lef t  se t  correspond s t o wha t  i n 
th e right  se t  o f  sentences" .  A  singl e colum n belo w 
lis t  A  liste d th e name s o f  th e individual s an d attribute s 
i n tha t  list .  Nex t  t o eac h wa s a  spac e fo r  subject s t o 
writ e th e correspondin g nam e o r  attribut e fro m lis t  B . 
The orde r  o f  sentence s i n eac h lis t  wa s randomise d wit h 
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th e provis o tha t  sentence s wit h attribute s abou t  th e sam e 
individua l  wer e kep t  together . 

Procedure. Subjects were first shown the instructions 

whic h the y wer e aske d t o rea d carefully .  The y wer e the n 
shown th e proble m an d aske d t o solv e it .  A  stop-watc h 
was use d t o tim e the m fro m thi s poin t  t o whe n the y 
solve d th e problem .  I f  subject s produce d a n incorrec t 
answer  the y wer e tol d s o an d aske d t o continu e solvin g 
th e problem .  Onl y whe n th e correc t  answe r  wa s 

produce d wa s th e cloc k stoppe d an d th e elapse d tim e 
recorded. 

Results & Discussion 

The result s corroborate d ou r  expectations .  Th e presenc e 
of  semanti c similaritie s betwee n th e element s o f  th e tw o 
domain s ha s a n importan t  facilitatin g effec t  o n th e eas e 
of  analogica l  mappin g (se e Figur e 1) .  Th e elapse d tim e 
take n t o solv e th e proble m graduall y decrease s acros s th e 
thre e conditions ,  wit h th e None-Simila r  Conditio n bein g 
th e slowes t  (A /  =  210. 9 sees.) ,  th e One-Simila r 
Conditio n bein g faste r  ( M =  164. 9 sees. )  an d th e All -
Simila r  Conditio n bein g th e fastes t  (A f  =  69. 7 sees. ) 
[F(2 ,  18 )  =  8.747 ,  p  <  .005] .  Thi s i s th e firs t 
demonstratio n tha t  domain s whic h systematically-diffe r 
i n term s o f  thei r  similarity ,  giv e rise  t o systematically -
differin g solutio n times . 

None-Simila r  One-Simila r  All-Simila r 

Conditions 

u n d o it s  matche s an d s o find s th e isomorphis m faste r 
tha n w h e n th e singleton s c o m e late r  i n th e lists . 

Specifically ,  l A M doe s no t  backtrac k a t  al l  i n th e 
Singleton-Firs t  cas e bu t  ha s t o backtrac k fou r  time s i n 

th e Singleton-Las t  case . 

Method 

Subjects & Design. Twenty-three undergraduates at 
th e Universit y o f  Wale s Colleg e o f  Cardif f  too k par t 
voluntaril y i n th e experiment .  A s before ,  th e experimen t 
ha d a  between-subjec t  desig n an d subject s wer e assigne d 
at  r a n d o m t o on e o f  th e t w o conditions .  Again ,  thre e 
subject s ha d t o b e exclude d fro m th e experimen t  prio r  t o 
dat a analysi s becaus e the y m isunders too d th e 
experimenta l  instructions .  Dat a analysi s w a s carrie d ou t 
o n th e remainin g 2 0 subjects ,  w h o w e r e equall y 
distribute d acros s th e tw o conditions . 

Materials & Procedure. The materials consisted of 
t w o abstrac t  version s o f  th e attribute-matchin g proble m 
(se e Tab l e 2 ) .  I n th e Singleton-Firs t  versio n th e 
singleton s wer e a t  th e to p o f  bot h lists ,  whil e i n th e 
Singleton-Las t  versio n th e singleto n i n lis t  A  w a s i n th e 
las t  position ,  whil e th e Singleto n i n lis t  B  w a s i n th e 
firs t  positio n (se e Tabl e 2 ) .  T h e orde r  o f  th e remainin g 

sentence s w a s randomise d a s before . 

T h e rema inde r  o f  th e material s w e r e a s i n 
Exper imen t  1 ,  wit h th e exceptio n o f  th e additiona l 
sentence :  "Th e mean in g o f  th e word s i n th e sentence s i s 
irrelevant" .  H o l y o a k an d Thagar d use d thi s sentenc e 
w h e n the y gav e subject s th e abstrac t  versio n o f  th e 
problem . 

Subject s w e r e s h o w n th e shee t  containin g th e 
instruction s an d problem ,  an d wer e timed ,  a s before . 

Singleton-Firs t 
B 

Figur e 1  Th e M e a n Solutio n Time s i n th e 
Condition s o f  Experimen t  1 

Stev e i s smart. * 
Bil l  i s  tall . 
Bil l  i s smart . 
To m i s tall . 
To m i s timid . 

Fid o i s hungry. * 
Blacki e i s friendly . 
Blacki e i s frisky . 
Rover  i s hungry . 
Rover  i s friendly . 

E x p e r i m e n t  2 :  O r d e r  Effect s 

Our  secon d experimen t  teste d whethe r  ther e wer e orde r 
effect s o n analogica l  mapping ,  a s i s predicte d b y th e 
Incrementa l  Analog y Machine .  A s w e sai d earlier ,  th e 
key t o finding  th e isomorphism ,  i n th e abstrac t  versio n 
of  th e problem ,  lie s i n matchin g th e tw o singleton s i n 
bot h lists .  So ,  i f  on e grou p receive s th e singleton s firs t 
the y shoul d matc h the m an d solv e th e proble m quicker , 
tha n i f  the y for m th e singleto n matc h later .  I n tw o 
model s o f  analogy ,  S M E an d A C M E,  simpl e change s o f 
thi s sor t  d o no t  significantl y chang e th e cours e o r 
output s o f  analogica l  mapping .  However ,  lAM' s 
processin g i s radicall y differen t  fo r  bot h versions .  Whe n 
l A M matche s th e singleton s first  i t  doe s no t  hav e t o 

A 

Bil l  i s smart . 
Bil l  i s  tall . 
T o m i s  timid . 
T o m i s  tall . 
Stev e i s  smart. * 

Singleton-Las t 
B 

Fid o i s hungry. * 
Blacki e i s friendly . 
Blacki e i s frisky . 
Rover  i s hungry . 
Rover  i s friendly . 

Tabl e 2  Th e T w o Version s o f  th e Proble m 
Used i n Experimen t  2  (*th e singleton ) 
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Result s &  Discussio n 

The sligh t  chang e i n th e orderin g o f  th e singleton s ha s a 
marke d effec t  o n th e eas e o f  analogica l  mappin g (se c 
Figur e 2) .  Subject s i n th e Singleton-Firs t  conditio n 
wer e almos t  twic e a s fas t  a t  solvin g th e proble m 
( M =  178. 0 sees )  compare d t o th e Singleton-Las t 
conditio n ( M =  363. 1 sees )  [Mann-Whitne y U  =  1 , 
p <  .005 ,  1-tailed] . 

400 

300-

S 200 -

100- ??TO8m*sS:;:;:;s : 

Singleton-Firs t  Singleton-Las t 
Condition * 

Figur e 2  Th e Mea n Solutio n Time s fo r  th e 
Condition s i n Experimen t  2 

Thi s resul t  clearl y show s tha t  th e orde r  i n whic h th e 
attribute s ar e presente d affect s subjects '  response-times . 
I n thi s experiment ,  w e hav e looke d a t  a  situatio n i n 
whic h th e 'easy '  proble m ha d th e tw o singleton s i n th e 
same position .  l A M doe s no t  predic t  tha t  bein g i n th e 
same positio n pe r  s e i s important .  Th e singleton s coul d 
be i n differen t  position s an d stil l  sho w differen t  respons e 
times .  Fo r  example ,  i f  th e singleto n i n lis t  A  wa s firs t 
and tha t  i n lis t  B  wa s las t  the n lA M woul d predic t  a 
slowe r  respons e tim e than ,  say ,  a  proble m wher e th e 
lis t  B  singleto n wa s third .  Thes e ar e prediction s tha t 
need t o b e examine d i n futur e experiments . 

Conclusions 

Bot h experiment s provid e stron g evidenc e fo r  th e effect s 
of  similarit y an d orde r  o n analogica l  mapping .  I f  th e 
predicate s i n bot h domain s bea r  som e unambiguou s 
similarit y t o on e anothe r  the n th e mappin g i s 
considerabl y facilitated .  Furthermore ,  thes e predicate s 
need no t  b e identica l  t o ai d matchin g bu t  ma y b e merel y 
simila r  (e.g. ,  bi g an d tall) . 

We hav e als o see n tha t  unde r  certai n condition s th e 
orde r  i n whic h th e informatio n i n a  domai n i s presente d 
can hav e significan t  effect s o n th e eas e o f  analogica l 
mapping .  A s w e hav e see n thes e result s  ar e no t  predicte d 
by th e S M E an d A C ME models .  lA M does ,  however , 
predic t  thes e effect s becaus e i t  ha s mechanism s tha t  tr y 
t o reduc e th e computationa l  overhead s o n analogica l 
mapping ,  b y heuristicall y disambiguatin g on e fro m a  se t 
of  matche s usin g order ,  i n accordanc e wit h th e 
behavioura l  constrain t  o f  workin g memor y limitations . 

The presen t  wor k wa s deepe r  implication s fo r 
connectionis l  model s i n cognitiv e science .  A C M E wa s a 

importan t  progra m becaus e i t  showe d tha t  a n exampl e o f 
high-leve l  cognition ,  namel y analogica l  thought ,  coul d 
be modelle d b y connectionis t  techniques .  Th e presen t 
wor k suggest s tha t  A C M E i s no t  a  wholl y adequat e 
model  o f  analogica l  behaviour .  I t  fail s  t o captur e th e 
more seria l  aspect s o f  analogisin g manifeste d i n th e 
presen t  study .  This ,  therefore ,  keep s ope n th e debat e i n 
thi s are a o n whethe r  th e natur e o f  high-leve l  cognitio n 
can b e capture d singularl y b y connectionist ,  "brain-style ' 

AI . 
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